destitute. Indeed, in some dim way they seemed to get a glimpse of the pathway along which the Mendelian concept of disease is leading us. For they also sought to arrive at a more natural or biological classification of disease through a study of its genetic origins or affinities.
DEFINITION OF DIATHESES.
In the " New English Dictionary " a " diathesis " signifies a " permanent (hereditary or acquired) condition of the body which renders it liable to certain diseases or affections: a constitutional predisposition or tendency." Now the " arthritic " was certainly one of the first so-called diatheses laid down by our predecessors; it included both " rheumatic " and gouty manifestations; and it is with the first of these that we purpose dealing.
What, then, is the nature of the constituttional predisposition which renders certain persons liable to " rheumatic " affections. To achieve even a glimpse of its probable nature, we must ever be mindful of Claude Bernard's dictum that " all the phenomena which make their appearance in a living being obey the same laws as those outside it." In other words, that " all the manifestations of life are composed of phenomena borrowed from the outer cosmic world," and he adds, " it is not by struggling against cosmic conditions that the organism develops and maintains its place on the contrary, it is by an adaptation to, and agreement with these conditions."
Now, the power of adaptation to an ever-changing environment is one of the most remarkable endowments of the human organism. In normal persons the process of physiological adjustment to such contingencies ensues with a minimum of disturbance. But not so in the rheumatic subject, who, as the French put it, is tres barometrique-abnormally sensitive to variations in cosmic conditions. He is ill-equipped, therefore, to withstand climatic vicissitudes, changes in temperature, lhumidity, barometric pressure, and so on. In short, his power of compensatory adaptation to such changes is deficient ; what is the origin of this failure in adaptive capacity ? For this is of the very essence of the rheumatic problem. It seems to point to some inborn flaw in the intermediary mechanism by and through which our ceaseless adaptations to climatic vicissitudes are achieved, in other words, some defect or imbalance of the endocrine-autonomic system. Let us then envisage the rheumatic subject from this standpoint, namely, as an organic unity under the play of cosmic forces, and as a living being, whose life is but a fragment of the total life of -the Universe. To this end, let us trace the mode of evolution or manner in which the rheumatic diathesis slowly unfolds under the influence of factors which are evocative rather than causative.
ACUTE RHEUMATISM.
We may distinguish three phases: (1) Prodromal or pre-rheumatic, which forms, so to speak, the pathological groundwork of the disorder; (2) the " rheumatism of childhood"; (3) that of adolescents or adults. Of these the pre-rheumatic is perhaps the most interesting. For the morbid trend of children of rheumatic stock is displayed early. Often reddish or fair-haired, of delicate complexion, they are excitable, highly imaginative, readily fatigued, and liable to emotional crises, night terrors, athetotic movements, and also tetany. Their skin, usually dry, is subject to periodic sweating; while cold extremities, dead fingers, chilblains or even true Raynaud's disease attest their vasomotor instability. Their mucous membranes, too, participate, as shown by severe attacks of diarrheea, mucous colitis, cyclical vomiting, asthma and migraine; these often alternate in kaleidoscopic fashion. To sum up, the essential attribute of these children of rheumatic stock is instability, for both in the mental and physical sphere their response to normal stimuli is excessive and frankly abnormal. To what may this failure in adaptive capacity be referred ? The instability of their skin functions supplies, I think, a clue. This is manifested by its vacillating blood-supply, its erratic sweat secretion, the often defective pigmentation, and deficiency of subcutaneous fat. For the maintenance of a normal temperature largely depends on due regulation of the skin bloodsupply, its sweat secretion, and the amount and distribution of its pigment and fat. We see, then, how grave are the cutaneous disabilities of potential rheumatic children. Is it surprising that their temperature is often subnormal, and that they are very sensitive to weather changes? To what, then, may these vagaries be referred, if not to a state of endocrine autonomic imbalance? For we know that the skin functions and their correlated temperature control are regulated by a hormone mechanism in which thyroid, adrenals, and pituitary participate. In addition, the assumption of an inborn tendency to endocrine-autonomic imbalance may explain the retarded growth or arrest of development not uncommon in these children of rheumatic stock. For Sir Arthur Keith's studies lead him 'to infer that future research will reveal a growth mechanism presiding over the cutaneous functions concerned in temperature regulation and the deposition of pigment. Now, in ascribing these peculiarities to endocrine-autonomic imbalance, I would remind you that the term " diathesis " merely implies a morbid potentiality-something dynamic rather than static. Now, just as in disease, we have a vis medicatrix seeking to secure a return to normal, so also, as Haldane suggests, must there be in the healthy body, a vis directrix whose office it is to maintain the normal-a controlling influence which regulates those ceaseless adaptations essential for the maintenance of bodily activities at a normal level despite an ever-changing environment. Here, I take it, lies the core of the "rheumatic" diathesis, an inherent deficiency in the power of organic regulation. For, granted that these children are victimized by an inborn tendency to endocrine-autonomic imbalance, it follows that their power of organic regulation or adaptation to environmental vicissitudes must be more or less impaired. Their latent tendency to imbalance may be evoked by cosmic external or internal factors, and the erratic response of their skin and mucous membranes is but evidence of their tendency to generalized dysfunction of the neuro-endocrine system. RHEUMATISM OF CHILDHOOD. Seeing how early in life these signs of instability emerge, is it not somewhat unwise to postpone our recognition of the diathesis until so-called " growing pains," recurring tonsillitis, or endocarditis, give it what we are pleased to term an authentic stamp. The more so, seeing that "rheumatic" phenomena in children are often afebrile-even carditis or endocarditis-so that none may know the hour of their inception. In spite of this ignorance we seemingly assume that their efflorescence marks some occult change--that the merely " unstable " child has changed into the " rheumatic " child. But a child can no more escape from his diathesis than he can from his temperament. The " rheumatic " child is still the unstable child. Why, then, assume that his ingrained pathologic habit of instability has vanished? May not his fleeting " growing pains," his transient erythemas, his choreic twitchings, and even his cardiac irregularities, be but the polymorphic expression of his inborn instability-his diathesis ? The child indeed is still true to type. For if his infantile or pre-rheumatic vagaries have been of paroxysmal or periodic type, are not the clinical elements of what Cheadle termed "the rheumatic series" also discontinuous and definitely cyclical ? Phases of relative immunity alternating with phases of susceptibility or, as I prefer to put it, phases of adaptation alternate with phases of maladaptation to those factors, cosmic or other, that evoke rheumatic manifestations.
RHEUMATISM OF ADOLESCENCE.
With the passing of puberty the diathesis undergoes further evolution, and therewith the clinical facies of acute rheumatism alters. Joint swellings become dominant, cardiac lesions relatively recessive, and the disorder more fulminant and pyrexial in character. Whence comes this change if not from the genital hormones that flood the circulation with the advent of puberty ? Moreover, does not the clinical transmutation following their entry indicate how intimately interwoven are rheumatic phenomena with disturbances of the endocrine sympathetic system ? Take the temperature contrasts, rheumatism in childhood often apyrexial, in adolescence pyrexial, and even hyperpyrexial. Do not these differences point to some imbalance in the thyro-adrenal complex responsible for temperature control?
Again, take the articular contrasts; in childhood, seldom more th&n a transient puffiness or cedema of wrist, ankle or knee, such as might reasonably be referred to vasQmotor and trophic disturbances of innervation. On the other hand, in older subjects, joint swellings with effusion are obtrusive features. Nevertheless, the difference between them is, I think, qutantitative rather than qualitative. In other words, does not their migratory habit, their rhythmic swell and ebb and lack of residual change suggest some special mode of pathogeny ?
Does not their invasion and re-invasion savour of the paroxysmal or periodic, and their symmetry-at least in the serial sense-suggest some central controlling mechanism. For these features are quite alien to streptococcal and other infective arthritides. Salicylates, too, in these are impotent, and, as Ivy Mackenzie observes, there is no instance of infection outside the protozoal group yielding to a drug of this kind. Now, seeing that the efferent sympathetic fibres to a limb regulate the bloodsupply of the skin and deeper structures and also the cutaneous secretion, is it not possible that instability in the exercise of this function might also occasion local vasomotor and secretory anomalies in the periarticular and synovial structures? Such might conceivably be due to the fact that the genital hormones exert their effect through the medium of other endocrines-notably the adrenal cortex. Now, we know how markedly the adrenals influence circulatory and secretory processes, and just as asthma will yield to adrenalin, so also will massive synovial effusion, even when of long standing. CARDIAC LESIONS. As to the cardiac lesions, it would seem, prima facie, improbable that their pathogeny should be fundamentally different from that of the arthritic and cutaneous lesions. Does not the transient character of the arthritic distinctly suggest that the cardiac also under favourable conditions would be more benign if not transient ? For it is admitted that some cases showing irregularity, bruits, or even dilatatiQn, do recover wholly. We see, then, that some cardiac lesions, like the arthritic, do end in resolution. Is not this a definite hint that the mode of pathogeny of rheumatic lesions, whether arthritic or cardiac, is fundamentally the same? But to this all important subject I shall allude later, and meanwhile I would emphasize the inter-relationships of acute rheumatism in all its phases with endocrine disorders. Thus the skin anomalies, the proneness to fatigue, subnormal temperature and tetany of the " rheumatic " child, point to thyro-parathyroid inadequacy. In addition, this tendency to tetany seems to run through the life history of the disorder as it crops up again in the acute rheumatism of older subjects. Hence, I incline to believe that acute rheumatism develops by preference on a subthyroidic substrate. Certairn peculiarities favour the assumption.
Thus, we know that goitre in a woman is often associated with subthyroidism. Now, if acute rheumatism occur in such a subject or her offspring, it often proves rebellious to salicylates, but relents if thyroid be superadded. Does not this suggest that the non-response to salicylates is linked up in some obscure way with thyroid deficiency? Now, in contrast, acute rheumatism rarely, if ever, occurs during pregnancy, not even if a pre-existing cardiac lesion reveals the rheumatic trend. Is this immunity due to thyroid hypersecretion-a species of auto-thyroid therapy ? For the immunity ceases with delivery, though acute rheumatism often develops after prolonged lactation, with its correlated tendency to hypothyroidism. Again, the rhythm of intermittent hydrarthrosis, too, is almost always broken by an intercurrent pregnancy, and the same is often true of migraine, asthma, Raynaud's disease and other paroxysmal neuroses. Now, all these disorders are apparently the outcome of vasomotor and secretory disturbances, and it is, I submit, somewhat striking that acute rheumatism, like these disorders, should rarely, if ever. occur during pregnancy. It seems to suggest that the joint swellings of acute rheumatism may also be the outcome of vasomotor and secretory anomalies of neuro-endocrine origin.
Again, French physicians insist that fleeting thyroid swelling often ensues at the onset of acute rheumatism. We might hear more of it but for the fact that there is no no spontaneous pain, only objective tenderness. Besides, the thyroid swelling responds to salicylates more swiftly than the joint swellings. Given, then, a coincident sore throat, how easily might it be overlooked. I have known such thyroid swelling precede and co-exist with chorea in a young girl. Other points, too, favour the probability of a thyroid reaction occurring in acute rheumatism: (1) Graves's syndrome may arise directly out of a subacute thyroiditis thus installed; (2) the frequency of an antecedent history of acute rheumatism in the victims of Graves's disease is well known, and has been recently emphasized; (3) minor signs of hypothyroidism often become manifest during convalescence from acute rheumatism. It may sound paradoxical that acute rheumatism may predispose to Graves's disease, and on the other hand, be followed by hypothyroidism. But I may observe that it is by no means certain that Graves's disease is due to hyperthyroidism; some authorities hold that Graves's syndrome arises by preference on a hypothyroidic substrate, and I would maintain that the same holds good of acute rheumatism. MUSCULAR RHEUMATISM. Some maintain that muscular rheumatism is wholly distinct from acute rheumatism and gout. In view of our ignorance of the exact causation of all these three affections this seems a somewhat rash conclusion, more especially so, seeing that acute muscular may merge into acute articular rheumatism, while the alternations of gout with lumbago and sciatica are proverbial. These muscle syndromes, it is true, are usually distinct, and we would willingly, for convenience' sake, keep them so. But our passion for infinite subdivision must not blind us to the fact that, clinically, they do sometimes overlap. Nor must we forget that a diathesis may masquerade in polymorphic guise. I sometimes think that the rarity of gout is more apparent than real, and that, for some occult reason, it tends nowadays to affect muscles and nerve sheaths rather than joints. For certainly some obstinate examples of this nature defy salicylates but yield to colchicum.
Nevertheless, it is somewhat striking that muscular rheumatism in childhood and youth often blends with acute articular rheumatism, whilst in middle age its affinities are with gout. Does not this suggest some fundamental unity ? Now, both rheumatic and gouty subjects alike are prone to paroxysmal neuroses and vasomotor instability. If the blood-supply of the muscle be diminished or obstructed, a state of painful spasm or cramp ensues. Therefore, in the light of their abrupt, painful onset, is it not possible that this is one of the factors that enter into the pathogeny of lumbago, torticollis, and the like? RHEUMATOID OR ATROPHIC ARTHRITIS. The term arthritis, as applied to this grave disorder, is a misnomer. It is rather a neuro-endocrine complex of tropho-neurosis, the salient feature of which is generalized tissue-atrophy, involving not only bone and cartilage, but all the component structures of the limb. It usually occurs in young women of arthritic stock. As Coates and Gordon observe, the frequency of an antecedent acute rheumatism is greater than can be accounted for by its general incidence in the population. But whether it be infections, repeated pregnancies, emotional shock, or what not, the inter-connecting link is. I feel sure, the state of hypothyroidism that such may induce. It is upon this subthyroidic substrate that the prodromata of rheumatoid arthritis arise, i.e., the local syncopes and asphyxias, tetany-like cramps, and so on. In their midst the spindle-joints appear and, like the vasomotor phenomena, wax and wane until eventually the recurring vascular spasms induce trophic change, -skin, bone and cartilage withering into the small end joint. The progress of the disease is definitely cyclical, and this and other features show the enduring nature of the diathesis. Thus, though she may never have suffered from acute rheumatism, the rheumatoid woman harks back to the rheumatic child. Thus, her skin, usually dry, is prone to periodic sweats and vasomotor crises; whilst undue liability to fatigue and a subnormal temperature are common, and bouts of asthma, migraine and mucous colitis, are of by no means rare occurrence.
Other affinities, too, emerge. Thus rheumatoid, like acute rheumatism, has associations with Graves's syndrome. In my experience, it is when the thyroid undergoes functional exhaustion-as shown by muscular cramps, vasomotor spasms, or solid cedema-that rheumatoid arthritis most often supervenes. For a similar reason, it sometimes follows thyroidectomy or X-ray treatment of Graves's disease. These sequences suggest that hypothyroidism favours the development of rheumatoid arthritis. In view of the inter-relationship of thyroid and pancreas, I may state that I have seen rheumatoid arthritis develop in sequence to an operation for acute pancreatitis. Again, pigmentary changes suggestive of adrenal implications are often present, whilst the close association of the disease with ovarian disturbances need not be emphasized. In short, in atrophic arthritis, the evidences of endocrineautonomic imbalance are multiple and obtrusive, and their aetiologic significance, and alike the therapeutic indications they afford, cannot be over emphasized.
OSTEO-ARTHRITIS AND GOUT. Why is it that women at or near the menopause so often drift into a state of osteoarthritis; while men in the same decade so frequently develop gout ? In women osteoarthritis follows decline or withdrawal of ovarian and thyroid hormones, as shown by collateral signs of hypothyroidism and vasomotor instability. As to gout, I would remark that authorities hold that at forty years of age the thyroid begins to undergo senile atrophy. Now, just as the time of onset of the menopause varies in women, so also in men does a decline in sexual capacity ensue earlier in some than in others.
Gouty men often show signs of premature senility and I incline to think that in them there occurs a premature diminution or withdrawal of the genital hormones. Coincidentally, too, they often manifest signs of hypothyroidism and vasomotor instability, and I suggest that, comparably with osteo-arthritis in women, a state of endocrine autonomic imbalance may be a determining factor in the onset of gout. I would remind you that that astute clinician, Goodhart, was much exercised by the frequency with which his middle-aged patients with gout gave a history of acute rheumatism in youth. Now, McCarrison and others emphasize the frequency with which hypothyroidism follows acute rheumatism. Having in view, therefore, the intimate interdependence of the thyroid and genital hormones, it is possible that the above-mentioned hypothyroidism may be a factor in determining a premature male climacteric. Moreover, there are suggestive clinical affinities. Acute rheumatism, like gout, has its articular and ab-articular forms which in both may alternate. Rheumatism in childhood is often monarticular and so is gout, but both tend later to become' polyarticular. The joint lesions in both tend to be paroxysmal and periodic and each has its so-called specific-salicylates and colchicum. But their temperature curves contrast strikingly. From being low or afebrile in childhood, the temperature in rheumatism after puberty becomes pyrexial or hyperpyrexial. The reverse obtains in gout. At first sthenic and pyrexial, as years pass, it tends to become asthenic and afebrile, and this is true even of acute gouty polyarthritis. Doubtless some profound significance attaches to these temperature contrasts, and did we only know their inward meaning it might go far to justify Goodhart's conclusion that the acute rheumatism of youth might, as years accumulate, be transposed into the key of gout. To sum up, I would suggest that (1) the various disorders I have discussed are but the polymorphic expression of the arthritic diathesis;
(2) that in each and all there is an inborn tendency to endocrineautonomic imbalance, through which the latent diathesis discloses its presence;
(3) that the tendency of rheumatism to change its facies with the onset of puberty, the predilection of rheumatoid arthritis for the reproductive period, and of osteoarthritis and gout for the mnenopause, or pre-senile epoch, all suggest that the endocrine changes associated with them, account for the superficial diversity but fundamental unity of these affections; (4) that infections, if and when responsible, act not directly, but indirectly-the intermediary mechanism being some instability or defect of the neuro-endocrine system. At the same time, I submit that our Letiologic concepts must enlarge and take cognisance also of cosmic and other factors, equally capable of evoking rheumatic phenomena.
SEASONAL INCIDENCE.
All biologic research accentuates the fact that an organism and its environment are one and indivisibleits life in reality, but the expression of ceaseless adaptations thereto. Does not the stately roll of the seasons leave its impress on all vital processes, and slowly but surely their inward biologic meaning is being disclosed ?
Now, both here and in the United States, acute rheumatism tends to appear in late winter and early spring-a period of change with its call for adaptation. Thus, the blood-calcium and phosphate falls during winter to its ebb in spring, and rickets and tetany decline. There is evidence, too, that the thyroid iodine and even the haemo-bactericidal power are at their ebb in spring. In short, the seasonal incidence of tetany coincides with a low level of the blood-calcium and the thyroid iodine, and, seeing that tetany is common in the goitrous, it is significant that this same period, spring, is the time at which fresh goitres arise and pre-existing goitres enlarge. Obviously, then, spring is a time of stress for the thyroid and its adnexa, precisely the period to evoke any latent tendency to endocrine-autonomic imbalance.
Now, rheumatic children are subject to tetany and also to sub-thyroidism; and there are some who hold that calcium deficiency is an Ltiologic factor in acute rheumatism.
Does not this suggest that the spring incidence of acute rheumatism, like that of tetany, is linked up with the correlated low level of the blood-calcium and the thyroid iodine? Now, the summer rise in the blood-calcium and in the thyroid iodine implies an adequate response to solar stimuli. The skin being the transmitting medium, it is possible that their cutaneous disabilities may inhibit their response to the biologic action of light-such failure of adaptation presumably entailing a lag in the normal summer seasonal increase of blood-calcium and thyroid iodine. Taylor and Poulton note that the incidence of rheumatism goes up pari passu with a rising temperature and growing hours of sunshine, and to a certain extent with humidity and east winds, but is actually less in times of much JA-BAL 2 * Llewellyn: The "Rheumatic" Diathesis rainfall. This is interesting, seeing that rheumatic children are often nonpigmenters, viz., do not tan readily with sun exposure. Pigment acts as a screen, and, in addition, converts light into heat, which, when extreme, is sweated off. Hence, lack or deficiency of pigment implies difficulty or failure of adaptation to the two great cosmic forces, light and heat.
Leonard Hill reminds us that during the war persons on a protein-deficient diet developed cedemas, especially on parts exposed to light. Now, rheumatism being rife in children of the poor, whose diet is often ill-balanced or vitamin-deficient, how exclude the possibility that fleeting joint cedemas and erythemas in some of them may also be due to light sensitization? * Again, why is it that the porphyrins normally found only in traces in the urine and faeces-occur in considerable excess in acute rheumatism, as in tuberculosis ? For these porphyrins, when injected into mice, sensitize the mice to light. That such photo-sensitizing substances should occur in excess in acute rheumatism and that the incidence of the latter should increase with growing hours of sunshine, is I submit, a somewhat striking correlation. More interesting possibilities perhaps reside in the undue liability to fatigue of the rheumatic child. For such liability implies a risk of lactic acid retention, and its diffusion into the blood-stream. Some significance, then, may attach to Gideon Wells's statement that lactic acid is a photo-sensitizer. The same may account for Still's observation that excessive or prolonged sea-bathing seems to predispose to acute rheumatism. For here we have ideal conditions for sensitization owing to better transmission of sunlight and its intensification by radiation from the sea surface.
Nor should we forget that cattle fed on buckwheat, and horses fed on Swedish clover, become sensitized to light. Black animals escape, but not the white or particoloured, which develop erythemas and cedemas over their unpigmented areas. It is quite possible, therefore, that some of the green food-stuffs we consume in summer may contain fluorescent or sensitizing substances. The origin of rheumatism in childhood being still a mystery such possibilities require consideration.
Rheumatoid arthritis and osteo-arthritis, so far as I know, show no tendency to seasonal incidence, but there is considerable evidence forthcoming to show that, as in rheumatism, calcium metabolism is deranged in both these disorders. The same is true of gout, which undeniably tends, like rheumatism, to appear in spring.
I will now discuss climatic vicissitudes, the traditional bane of the subjects of gout and rheumatism; this involves consideration of their oxidizing capacity.
THE OXIDATIVE FUNCTION. Clinically there is much evidence that the oxidative function in rheumatic subjects is pitched-physiologically speaking, in a minor key-adequate perhaps, in an equable climate, but inadequate in a variable one. For, the sudden changes of a variable climate transcend the powers Qf adaptation of such patients. Hence, their life history is strewn with maladaptations to climatic vicissitudes, which is not surprising in view of their vasomotor and secretory instability. For the processes of tissue oxygenation are exquisitely conditioned by cosmic or physical factors constantly in operation. Haldane and Barcroft have shown that the oxygen supply of the blood to the tissues must be continually adapted to their varying needs, and, moreover, distributed at a certain partial pressure, which varies with barometric pressure and humidity. Nor is this all, for differences in temperature, and similarly factors within or outside the organism that promote acidosis, all affect the oxidative function. All these, moreover, may affect the oxidation of the body as a whole or regionally, according as the various factors operate generally or locally.
In light of these findings, the vagaries-climatic and other-of the rheumatic subject, seem shorn, in part, of their mystery. For all these processes are essentially adaptive, calling minute by minute for regulation of the supply and distribution of oxygen to the tissues. Again, seeing how multiple are the necessary adaptations, we realize how multiple also are the ways in which failure of adjustment may occur and in which rheumatic states may ensue.
For it is obvious that the inborn tendency of rheumatic subjects to circulatory or vasomotor imbalance must cripple their power of regulating the supply and distribution of oxygen to the tissues. It may be, too, that they labour under further' disabilities. For the affinity of haemoglobin for oxygen varies in different species. Human blood has a lesser affinity than cat's, and dog's blood than that of the horse. Even in animals of the same species, individual differences obtain, for apparently no two samples of blood, whether of man or beast, have the same dissociation curve.
It may be, then, that rheumatic subjects constitute a group whose haemoglobin shows a lesser affi'nity for oxygen, and moreover, that-as judged by the dissociation curve-the units of the rheumatic group may show individual differences in this vital process of cell-metabolism. In but too many, the actual oxygen intake may be impaired owing to cardio-respiratory inefficiency.
We see, then, why some climates benefit rheumatism, and others not, for it is always the individual's oxidative faculty that determines his manner of response. Hence it is that some patients do well at high altitudes-in spite of lowered pressure and diminished saturation of their hmmoglobin with oxygen. For their heart, lungs, and blood-forming tissues are equal to the strain of adaptation. Others lacking these reserves, do better at lower levels, their hamoglobin being more saturated by reason of the correlated higher pressure. But vigorous and feeble alike fare badly if wide fluctuations in temperature, humidity, and pressure obtain; this is not surprising in view of the multiple adaptations entailed.
Thus, cold lowers the dissociation curve of oxy-hwmoglobin and less oxygen passes to the tissues, whilst heat raises it with increased transport thereto. Again at high pressures, the affinity of haemoglobin for oxygen is enhanced, at lower pressures it is diminished. As to humidity, the diffusion inwards of oxygen depends on a normal degree of moisture in the alveolar air. Excess retards the oxygen intake, and deficiency hastens it.
In view of these findings, we see why sudden weather changes evoke vague pains, bouts of lumbago, pleurodynia, or exacerbations of arthritis, all of them signs of their diathetic taint,-their tendency to suboxidation. Since the effect of these cosmic factors on oxidative processes may be either regional or systemic, we are enabled to discern, to some extent, why some types of rheumatism are localized and others generalized.
MUSCULAR RHEUMATISM.'
Why is it that some persons are so liable to muscular, as opposed to articular rheumatism ? It seems to point to local controlling factors. Is it that the alkaline buffer constituents of their muscles-bicarbonate, phosphate and sodium proteinare inadequate ? For A. V. Hill finds that the ability of a muscle to tolerate hard exercise and high lactic acid concentrations depends on the amount and efficiency of its buffers ? Or is it that their muscles are lacking or deficient in glutathione and other oxidative catalysts-shown by Hopkins and Meyerhof to be present in muscles ?
Inborn deficiencies of this nature would clearly predispose the victim to muscular rheumatism. For ipso facto such muscles would be less tolerant of exercise and lactic acid retention and less capable of oxodizing the same. Given a deficient oxidative faculty one might expect that rheumatism would show a predilection for the muscles, seeing that these structures are so largely responsible for carbohydrate oxidation.
As to the abrupt painful onset, it is conceivable that exercise may evoke the latent tendency to vascular spasm which would further aggravate the tendency to suboxidation. Certain types of exercise seem more provocative. It is not when muscles are in rapid action that attacks supervene, but rather when, after being held l0Lewellyn: The " Bheumatic " Diathesis rigid in semi-or full-flexion an attempt at full extension is made. Now Lindhard's researches show that the blood-supply of the muscles held rigidly in flexion or semiflexion is for the time being almost completely shut off. Consequently, lactic acid accumulates pending relaxation and restored oxygen supply. To sum up, given inborn lack or deficiency of muscle buffers or oxidative catalysts we see how readily muscular strain, a sudden drop in temperature or increased humidity, singly or in combination, may occasion outbreaks. For if the one promotes lactic acid formation, the others, by lowering the dissociation curve and oxygen intake, as well as by checking sweating and evaporation, retard its necessary oxidation and elimination.
RHEUMATISM IN CHILDHOOD.
Let us now consider the child of rheumatic stock in respect of his oxidative faculty. As already noted, vasomotor ataxia, undue liability to fatigue, subnormal temperature, -and often persistent anaBmia, are striking features of the potentially rheumatic and often subthyroidic child. These peculiarities antedate rheumatic symptoms, and collectively bespeak a deficient oxidative faculty. Subthyroidism signifies suboxidation, and vasomotor instability implies irregularity in the supply and distribution of oxygen to the tissues. Now, we know that factors promoting acidosis throw strain upon the oxidizing capacity. If so, the marked liability of rheumatic children to recurrent vomiting or bilious attacks with their associated tendency to acidosis, may be of atiologic import. For such may merge without break into acute rheumatism; moreover, in the prodromal stages of recurrent vomiting, choreic movements, and a tendency to general restlessness have been observed. Thus, Sellards finds a significant degree of acidosis in acute rheumatism, as judged by the soda tolerance test, and Frothingham and Walker the same, as indicated by the CO0 tension of the alveolar air. Again, Marriott and Howland, in the case of acidosis of children, find increased soda tolerance and diminished tension of C02 in the alveolar air. Now, our ignorance of the factors determining theonset of rheumatism in childhood is such that we cannot afford to dismiss flippantly so-called "bilious attacks" in these children. For vomiting, white stools, offensive breath, and a change in complexion, with drowsiness and sighing respirations, imply in children, not only a danger of acidosis but possibly an outbreak of rheumatism, or a recrudescence of it when already established. Diarrhcea, when present, accentuates the danger of acidosis, and a prompt resort to a mercurial purge with alkalies is indicated, especially if the urine contains abnormal acids-the more so, in that, if rheumatism ensues, we have the further danger that salicylates inadequately guarded by alkalies may produce acute acidosis. As acidosis is due to defective oxidation of the organic acids produced in metabolism, I submit that the abnormal liability of these children to so-called bilious attacks points to an inborn defective oxidative faculty. Living on the edge, so to speak, of acidosis, their diet should be well-balanced, seeing that not only carbohydrate deficiency, but even a sudden change in diet, or mere fright, may occasion the acidosis. For, just as a food acidosis may determine the onset of rheumatism, so also, I believe, will a fatigue acidosis.
Seeing that "rheumatism in childhood" is primarily not an affection of joints, but of the musculature, both cardiac and somatic, this predilection may be of aetiologic import. For we are apt to forget that the primary symptoms in acute rheumatism are often located in the muscles. Like others, I have seen acute torticollis merge into acute rheumatism with endocarditis. Again, a child with so-called "growing pains " develops endocarditis, and in his leg muscles are found recent and tender infiltrations.
In the light of A. V. Hill's researches on fatigue, it is conceivable that the primary departure from the normal in some cases, at any rate, may occur in muscles. For, as he points out, lactic acid is present in the blood during and after exercise. If the exercise is prolonged it accumulates, and only with its termination is it oxidized by the increased oxygen intake that ensues when at rest. But the speed and efficiency of recovery from fatigue are limited by two factors, the capacity of heart and lungs as regards oxygen intake, and, secondly, the local supply of blood to the somatic muscles actually involved, as well as the efficiency of the coronary circulation. Now, as already pointed out, in these children the threshold of fatigue is lowered, and the swiftness of its induction shows that their power of oxidizing lactic acid is defective. In other words, they readily incur oxygen debt, and their rate and efficiency of recovery from fatigue are lowered. This is not surprising, in view of their thyroid deficiency, which in itself implies suboxidation. Hence, they are bad subjects for fatigue, and what for a normal child spells fatigue, in their case spells over-fatigue.
All admit that in older subjects, over-fatigue, with or without exposure to cold, is the common determinant of acute rheumatism, and I am inclined to think that that is so also in the rheumatism of childhood and especially of cardiac trouble. As to temperature, extremes either way are bad. Each patient calls for adaptation, as to which is their weak spot. I have known a boy, after bathing in a warm swimming bath, develop endocarditis within forty-eight hours. Also, I have seen recrudescences of rheumatism and endocarditis ensue immediately after immersion in warm baths. On the other hand, the same sequels frequently occur after prolonged or excessive sea bathing. But, I do not think this question of an antecedent fatigue has been sufficiently emphasized in view of its possible bearing on the setiology of subsequent cardiac lesions.
As to the insidious onset of cardiac rheumatism in children, I believe the initial process is one of malnutrition of the cardiac wall, in the production of which certain possibilities may be advanced. As A. V. Hill points out, an efficient coronary blood supply is essential for normal recovery from fatigue. Is it not conceivable, then, that their general tendency to vasomotor ataxia or instability may involve the peripheral arterioles of the cardiac wall, all the more so, considering their tendency to asthma and mucous colitis? If the lung and intestine are not immune, then why should the heart be spared ? Now, the fibroses in myocarditis are usually discrete, lying close to an arteriole the lumen of which may be blocked or narrowed by thrombi. Might not multiple and recurrent spasms of the coronary arterioles, even though fleeting, lead to tissue autolysis with resultant fibroses ? For autolysis ensues much more rapidly in unstriated than in striated muscles. Again, such states of local stasis and asphyxia entail increased H-ion concentration, which markedly promotes tissue autolysis. Fortunately, serum, through its buffer function, tends to inhibit autolysis, and so with the restoration of a free circulation the morbid process ceases. Such might well be the explanation of these cases marked by arrhythmia, bruits, and even dilatation, which undoubtedly, like the arthritic lesions, undergo resolution.
Other factors may, however, intrude. Thus the heart in animals on a de-vitaminized diet undergoes structural changes-such as atrophy, lack of tone, with a tendency to dilatation, and, in some, local degenerative foci. Lastly, being often subthyroidic, the heart, as Falta points out, may share the infiltration found in other tissues in hypothyroidism.
Given such insidious undermining of the nutrition of the cardiac wall, it follows that dilatation may readily be induced by apparently trivial exertion. If such dilatation occur, the cardio-respiratory efficiency is, in consequence, correspondingly impaired. Hence, ipso facto, the induction of fatigue will be more speedy, and recovery from it more tardy and incomplete. In short, a vicious circle is established as the fatigue threshold sinks lower and lower with each recurrency of carditis or endocarditis. In other words, we are faced with a child whose oxidative metabolic faculty is progressively dwindling as his cardio-respiratory capacity continuously drops to a lower level with each successive attack. I submit, then, the following conclusions: (1) That the insidious onset and often 12lewellyn: The "Rheumatic " Diathesis afebrile course of cardiac rheumatism, and, similarly, the site and character of the muscular and fibro-muscular lesions, are compatible with their metabolic and noninfective origin; (2) that the primary change is one of cardiac malnutrition arising on a subthyroidic substrate, reinforced by a vitamin-deficient diet and recurring vascular stases in the coronary arterioles; (3) that fatigue is the prime determinant of initial and recurrent attacks of carditis and endocarditis, as the subthyroidism and assumed instability of the coronary circulation preclude speedy and efficient oxidation of lactic acid and other fatigue products elaborated during cardiac activities.
In this connexion, it is interesting to recall that in endocarditis lenta the most frequent antecedent is prolonged over-exertion, and Carey Coombs reminds us that Walker Hall's researches suggest that lactic acid favours the growth-of low-grade organisms. It may be that bacteria found in situz in rheumatic endocarditis are of the nature of epiphenomena.
In the light of A. V. Hill's researches, the old lactic acid theory may undergo revival in modified form. It was abandoned largely because lactic acid was thought to be so swiftly oxidized that it could not possibly be responsible for a disease of often weeks' duration. That this is so in normal subjects is true. But as Hill clearly shows, the speed and efficiency of its disposal depend on the cardio-respiratory efficiency. His researches were carried out in athletes, but as he says:
"the same degree of exhaustion may be produced by a much lower level of exercise, no more rapidly, but just as effectively in a person of lower oxidative faculty or with poorer buffers in his tissues."
In older subjects, the most common determinant is over-fatigue, the disorder ensuing in a few hours or in one to two days. In such cases it is well to remember that the initial depression of the circulation through muscular exhaustion is increased by the acideamia, which further lowers the blood-pressure. This, moreover, is aggravated by the incidental augmented transudation from the blood-vessels, with consequent capillary polycythwmia. In short, a vicious circle is produced; the capillary obstruction tending to prevent the oxygenation of the muscles, wbich of course aggravates their asphyxial condition, with further production of lactic acid and consequent acidosis and acidamia.
In view of these sources of delayed oxidation, we see that one of the main objections to the lactic acid theory is minimized-the swiftness of its oxidation is only conditional. For, obviously, it may be otherwise, seeing that it is not only a question of lactic acid in the blood but of the accumulation of acid products and diminished alkalinity in the muscle tissues. Consequently, we may be dealing with recurring states of acidaemia, as the circulation washes successive amounts of lactic acid into the blood-stream.
We know that Richardson produced-endocarditis and migratory arthritis in dogs by injecting lactic acid into their peritoneal cavities, and also that Foster repeatedly induced an arthritis of similar character in a diabetic undergoing lactic acid treatment. It is true that the lactic acid used was levo-rotary, whereas its optical isomer-sarco-lactic acid-is dextro-rotary. It seems certain that the former, if injected, can produce a fleeting arthritis, but as far as I know, no investigations of sarco-lactic acid from this standpoint have been undertaken.
Pending further research, we must therefore rest on the assurance that muscular exhaustion induces acidosis and acidaemia, and that these conditions exist in cases of acute rheumatism prepeded by over-fatigue. Whether these, of themselves, would be adequate to produce the disorder in persons of a rheumatic diathesis, or whether they are only contributory factors, must remain for the present uncertain. RHEUMATOID ARTHRITIS, OSTEO-ARTHRITIS AND GOUT. The same factors promoting suboxidation are present in all three of these affections, viz., hypothyroidism and vasomotor instability. Again, both in rheumatoid arthritis and osteo-arthritis, basal metabolism is more often below than above normal, whilst the frequency in their instance, and also in that of gout, of lowered sugar tolerance betrays their feeble oxidizing power. The striking benefit of a restricted food intake is a case in point; this is a blessing which sometimes comes in aisguise. An acute illness or an operation entails modified starvation, and the joints markedly improve, but unhappily only to relapse when their food intake transcends their oxidizing capacity. In short, in the case of these arthritics, we have either to restrict food intake, or augment the metabolic output. The ideal aim of both is the same, to correct the inherent tendency to suboxidation. But our most effective procedures are such as stimulate body metabolism. namely, climatotherapy, hydrotherapy, and massage.
How, then, link up these tendencies to suboxidation with their inborn proclivity to endocrine-autonomic imbalance? We know that the phenomena of diabetes have been traced to the deficient functioning of certain cell groups-the pancreatic islets. Is it not possible, then, that the varied manifestations of the rheumatic diathesis may be traced to some lack or deficiency of those oxidative catalysts, known to be elaborated by the endocrine organs and other tissues? Thus, recent researches at the Mayo Clinic have shown that the processes of tissue oxidation are greatly influenced by the thyroxin molecule, and that the epinephrin of the adrenals also acts as an oxidative catalyst. Apart from its influence on the respiratory exchanges, the thyroid, through its interaction with the adrenals, regulates bloodpressure, and the supply and distribution of oxygen to the tissues. Also, through the medium of the pancreas and adrenals, it regulates carbohydrate and calcium metabolism, and to a large extent the body temperature. Moreover, the gland itself is as sensitive to lack of oxygen as it is to lack of iodine, and very sensitive also to cosmic factors, notably barometric variations. Lastly, it reacts swiftly to infections, food deficiencies, and psychic influences.
In the light of these data, is it not possible that the deficient power of " organic regulation " in "'rheumatic'" subjects-of ceaseless adaptations in the supply and distribution of oxygen to the tissues, may hark back to some inherent defect or instability in the endocrine-sympathetic system ? Instability rather than deficiency is, I think, more distinctive of "rheumatic " subjects, for though their primary trend is in the direction of endocrine deficiency-notably, but not exclusively of the thyroid, nevertheless, there is always a striving after endocrine equilibrium. Hence, we often see, both in the rheumatism of childhood, and also in rheumatoid arthritis, signs of hypothyroidism associated with those of hyperthyroidism. In short, we see that many of the peculiarities of the so-called rheumatic diathesis may conceivably be the outcome of defective functioning of the endocrine-sympathetic system, with its correlated tendency to suboxidation.
THE RELATIONSHIP OF GOITRE AND OF ExOPHTHALMIC GOITRE TO RHEUMATIC " DISORDERS.
There is a tradition that both " rheumatic " disorders and goitre are the outcome of certain cosvmo-telluric conditions. Both, too, were regarded by our predecessors as diathetic diseases, and certain other broad generalizations obtain in regard to them. Thus, goitre affects, predominantly, fenmales, and recent studies show that the same is true of " rheumatic " disorders. Again, the periods of increased incidence of rheumatic disorders synchronize markedly with puberty, the childbearing period, and the menopause-the precise periods, too, at which new goitres arise, pre-existing goitres enlarge, or at the menopause undergo involution. Also, prior to the advent of salicylates, iodine and the iodides were the sheet-anchor in treatment of both rheumatic disorders and goitre.
With regard to telluric conditions, it may be said that rheumatism is ubiquitous, but the same holds good also of goitre, for its endemicity is purely relative. Nevertheless, it is unquestionably true that both are much more prevalent in some regions than others. Thus, the incidence of goitre is abnormally high in marshy, alluvial districts, along the banks of rivers, canals, and the shores of estuaries, and the incidence of rheumatic disorders in such low-lying districts is equally high. Again, the recent Report of the Health Ministry reveals that the incidence of, and mortality from, acute and cardiac rheumatism, is markedly higher in regions where goitre is endemic than in those where the question of its endemicity has not arisen, and the same holds good with the incidence of rheumatoid arthritis and osteoarthritis. Also, it appears from Campbell's analysis of the Registrar-General's statistics that the mortality from exophthalmic goitre is also generally much higher in regions where goitre is endemic, and the incidence and mortality from rheumatic disorders are corresponaingly high.
Reverting to endemic goitre, the significance of its geographical coincidence with rheumatic disorders is distinctly enhanced by the fact that not only do goitre and rheumatic disorders arise under the same cosmo-telluric conditions, but that the two affections frequently co-exist in the same individual. This seems to point to a common oetiologic factor. In addition, the sequence is usually goitre and then some rheumatic or rheumatoid affection; this suggests that goitre or thyroid inadequacy may be the medium by and through which the rheumatic diathesis finds expression. For goitre is frequently associated with thyroid instability-with a dominant bias towards hypothyroidism. Now, hypothyroidism, as already stated, renders the victim abnormally sensitive to climatic vicissitudes, and his maladaptation to these betrays itself in rheumatic manifestations. It is important to note that it is not goitre but the correlated hypothyroidism that predisposes the victim to rheumatism. For though goitre itself may not be hereditary, the frequently associated thyroid instability or hypothyroidism is distinctly so. Hypothyroidic women bear hypothyroidic children.; which in view of the hereditary and familial tendency to acute rheumatism is interesting. For it suggests that the transmission of the rheumatic tendency may be by way of the endocrines; in other words, that the hypothyroidic merges into or is identical with the arthritic diathesis.
Where goitre abounds, states of thyroid inadequacy or instability will necessarily be more common; this may account for the excessive prevalence of rheumatic disorders in goitrous regions. The incidence of rheumatism ih non-goitrous regions does not negative this assumption, since that thyroia inadequacy or instability more often than not exists without any enlargement.
In seeking to emphasize my contention that hypothyroidism predisposes to rheumatic disorders, I would point out that Albert Kocher is so convinced that hypothyroidism predisposes to rheumatism and heart trouble that he suggests treatment with thyroid grafts. The same inference may be drawn from Deaver's experience of partial thyroidectomy in Graves's disease. He states that after this operation the victim's resistance to rheumatism and endocarditis is lowered.
As to the relationship of endemic goitre to rheumatoid and osteo-arthritis McCarrison states that the frequency with which the two conditions co-exist in the Himalayas, is such as to suggest a similarity of origin. Again, Mutch, in discussing 200 cases of chronic arthritis observes:
In conclusion, the evidence that endocrine and rheumatic disorders are intimately interwoven is, I submit, cumulative; reinforced as it is in the sphere of therapy. Have we not from time immemorial prescribed iodine or the iodides for both goitre and rheumatic disorders ? The good results may possibly have been due to the fact that we were unwittingly correcting the underlying thyroid inadequacy. Again, do we not to-day, in both complaints, invoke thyroid therapy, intestinal antiseptics and often change of residence or water supply? Seeing that goitre and rheumatic disorders overlap not only clinically but geographically, it seems at least possible that the atiologic factors responsible for their production likewise overlap or are perhaps identical. It may be, then, that the fundamental predisposing factors that promote the development of " rheumatic disorders " ought to be sought for in those conditions-extrinsic and intrinsic-that favour the genesis of goitre or, to speak more exactly, "thyroid instability" or inadequacy.
To sum up, it would seem that our views as to the nature of this great mysterious disease-rheumatism-must become more catholic. For its pathogeny cannot be pent up within the narrow compass of a septic tooth or a decadent tonsil. Not that either of these should be disregarded, but each viewed in its proper perspective, as not the sole cause, but merely as one of the constellation of factors, cosmic and other, that bring to light the latent morbid potentiality-the diathesis.
